All subjects completed a structured, interviewer administered questionnaire. This included questions on socioeconomic status, medical history, cigarette smoking, alcohol consumption, dietary calcium intake, physical activity, and reproductive variables in women.
lower than men who had never smoked. Similarly, women who were current smokers had a BAD value that was 7 7%
(95% CI 0-3, 15.6) lower than in women who had never smoked. The difference at the femoral neck was smaller and not statistically significant. For both men and women, each decade of smoking was associated with a reduction of 0015g1cm' in BMD at the lumbar spine (95% CI: men 0-002, 0-027; women 0 003, 0.028). At the femoral neck the reduction in BMD was 0O011gIcmn (95% CI 0-003, 0.020) for men and 0-004g/cm2 (95% CI -0-003, 0-012) for women with each decade of smoking. Conclusions -The results show an adverse effect of smoking on BMD which was most noticeable at the lumbar spine, and seemed stronger in men than women. This effect could not be explained by differences in life style between smokers and nonsmokers. The All subjects completed a structured, interviewer administered questionnaire. This included questions on socioeconomic status, medical history, cigarette smoking, alcohol consumption, dietary calcium intake, physical activity, and reproductive variables in women.
BMD was measured in each subject by dual energy x ray absorptiometry at the lumbar spine and femoral neck using a Hologic QDR 1000 instrument. Results were expressed as BMD in grams of ashed calcium hydroxyapatite for each site. Measurement precision was assessed by six replicate measurements in each of 10 subjects: expressed as the coefficient of variation (SD/mean), it was 1 1 % for lumbar spine BMD and 1-8% for femoral neck BMD.
Results
The characteristics of the study population in relation to smoking status are shown in table 1. Men and women who were current smokers tended to be less active than those who had never smoked or were ex-smokers. Women who smoked also had lower dietary calcium intakes than never or ex-smokers. Figure 1 shows the mean lumbar spine and femoral neck BMD values among men and women who were current, previous and never smokers. There was a consistent negative association between smoking and BMD at both sites. The smoking effect was most noticeable at the lumbar spine, and seemed stronger in men than women. Using a test for linear trend, the effect was statistically significant (p<005) at the lumbar spine among men, but not among women. Table 2 shows the mean BMD in the three smoking categories after adjusting for age, weight, height, calcium intake, alcohol consumption, and physical activity, and additionally for age at menopause among women. It shows that the adverse effect of smoking remained after adjusting for these potential CI) between current smokers and never smokers. These values are adjusted for age, weight, height, alcohol consumption, calcium intake and physical activity (plus menopausal age, for women).
Cigarette smoking and bone mineral density in the elderly Table 3 Duration of smoking and bone density confounding variables. Table 3 shows the mean difference in BMD for each decade of smoking in the entire study sample and in ever smokers when analysed alone. When the entire sample was included in the analysis, there was a negative association between duration of smoking and BMD at both sites among both men and women. The relationship was most pronounced at the spine, and was statistically significant (p<005) at both sites among men, and at the spine among women. When the analysis was confined to ever smokers, the trends were similar, but the smaller numbers led to reduced precision in the estimates, with consequent widening of the 95% confidence intervals (95% CI). The subjects who reported ever smoking had also been asked the maximum daily number of cigarettes which they had ever smoked. This was used to estimate the number of packyears smoked, but the variable was not associated with BMD at either site among men or women. There was no threshold apparent in the relationship of smoking duration, or age at stopping smoking, to BMD.
Discussion
These data suggest that cigarette smoking is associated with reduced bone density among elderly men and women. Although this effect is most noticeable at the lumbar spine, it is also apparent at the proximal femur and cannot be explained on the basis of confounding by body build, alcohol consumption, physical activity, or diet in men and, additionally, by menopausal age in women.
We studied a series of men and women aged 61 to 73 years who lived in a rural county of south east England and who were not institutionalised. They were selected as part of an epidemiological study relating growth in infancy to the subsequent risk of osteoporosis, and were therefore a selected group, having been born and still living in the county. However, the prevalence of cigarette smoking in the sample was similar to that reported in randomly obtained population samples such as that used by the general household survey.7 Although biases due to response and misclassification might have influenced our results, their effects would tend to obscure any association of smoking with BMD.
We have previously shown that cigarette smoking is a risk factor for hip fracture in elderly men and women.89 A population based study comparing 300 men and women with hip fractures with 600 age and sex matched community controls showed a doubling of hip fracture risk among cigarette smokers.8 This increase in risk was confirmed in a British cohort study where 1400 elderly men and women were followed prospectively for 14 years to identify subsequent hip fractures.9 However, the reason for the relationship between smoking and hip fracture risk remains contentious. Cigarette smokers may be more prone to falling, may have reduced bone density, or both. Furthermore, smokers may differ from nonsmokers in weight, age at menopause, alcohol consumption, diet, and physical activity. 10 All of these associations could potentially confound a relationship beween smoking and bone density.
Early studies of the relationship between smoking and bone density utilised single photon absorptiometry at the distal forearm.4 1-13 Although several such studies have been performed, their results are inconsistent and, where smoking effects have been observed, these have not been carefully adjusted for the influence of other potential confounding variables. 4 In general, these studies have suggested little influence of cigarette smoking on appendicular bone density in premenopausal and perimenopausal women, but a more pronounced adverse effect among women aged above 60 years. The few studies in men have also been inconsistent.
These data have recently been supplemented by studies using dual photon absorptiometry or dual energy x ray absorptiometry to estimate bone mineral density at the lumbar spine and hip. Krall et al'4 estimated the effect of smoking on axial bone mineral density, rates of bone loss and fractional whole body retention of calcium in 320 women enrolled in a two year trial of calcium supplementation. They observed lower femoral neck and spine bone density values among smokers than non-smokers, although the differences did not attain statistical significance. Calcium retention was found to be lower in the smokers and seemed to contribute to the statistically significant increase in appendicular bone loss rate observed in this subgroup. Slemenda et all5 studied the relationship between smoking and bone loss in a series of 84 perimenopausal and postmenopausal women. They found that heavy cigarette smokers had significantly lower radial and spinal BMD than light or non-smokers (who did not differ from each other). The effect of cigarette smoking on bone loss remained significant after adjusting for obesity. However, cigarette smokers did not seem to lose bone faster than non-smokers in this study and the adverse consequence of smoking seemed to be present by the time of menopause. These observations are in accordance with a recent twin study in which every 10 pack years of smoking was found to be associated with a significant reduction in lumbar spine and femoral shaft bone density, and a non-significant reduction in femoral neck bone density. 6 Again, the results were not confounded by measured lifestyle factors including diet, exercise, menopausal age, and body mass index.
Finally, an analysis of 544 men and 822 women in southern California'7 reported sig-nificantly reduced BMD of the hip among men and women who smoked when compared with non-smokers. There was a dose-response relationship between baseline smoking status in this cohort study and hip BMD. However, smoking was not associated with reduced BMD at other skeletal sites. Our study supplements these observations and strongly suggests that the relationship between cigarette smoking and BMD cannot be entirely explained by the altered oestrogen status, diet, activity, and alcohol consumption, of cigarette smokers. The adverse effect of smoking was detected at both the lumbar spine and the hip, and was present among both men and women. Furthermore, duration of smoking had a significant effect on bone density at both the spine and hip among men and at the spine among women. The presence of a significant reduction in bone density at both sites among ex-smokers, when compared with current smokers, is in accord with the notion that cigarette smoking may adversely influence peak bone mass more than subsequent age-related bone loss. The precise physiological consequences of exposure to smoking remain to be elucidated. In the Australian twin study,"6 smoking was found to be positively associated with higher serum concentrations of gonadotrophins, and lower concentrations of serum parathyroid hormone. These may be markers for a reduction in the circulating oestrogen level with a secondary increase in bone resorption. However, no direct association was found between measured oestrogen levels and tobacco use in the study.
The association we observed between cigarette smoking and the risk of oesteoporosis has important public health consequences. Among men, each decade of smoking is associated with a deficit in spinal bone density of !-5% and hip bone density of 1 1%. The corresponding values among women are 1-5% and 04%. In the United States and Europe, around 25% of women smoke regularly and most middle aged and elderly female smokers began smoking during the first two decades of life. The results of this and previous studies suggest that cigarette smoking is associated with reduced bone density in later life, independently of potential confounding variables, and that programmes to reduce the burden of osteoporotic fractures in the general population should incorporate measures to reduce tobacco use among men and women.
